The state of the art of contamination by hazardous emerging substances (HEMS) 
INTRODUCTION

State of the art and historical overview
The term of emerging substances of concern (ESOC) is introduced for the first time in 2004 in Florida Report [1] . According to Florida report, ESOC are categorized in 6 groups:  Global organic contaminants;  Pharmaceuticals and personal care products;  Endocrine-modulating compounds;  Nanoparticles;  Industrial chemicals (new and recently recognized);  Biological metabolites and toxins.
Global Organic Contaminants include polybrominated diphenyl ethers (PBDEs), hexabromocyclododecanes (HBCDs), perfluorooctane sulfonate (PFOS), perfluorooctanoic acid (PFOA), and siloxanes. PBDEs and HBCDs are flame-retardant chemicals that are applied to a wide variety of everyday items such as clothing, upholstery, foam cushions, electronics, and automobile interiors. PBDEs do not chemically bind to the substrates to which they are applied, and so they are easily liberated. These moderately long-lived molecules are primarily released into the atmosphere, where they can be transported globally and readily bioaccumulate in biological tissues. Pharmaceuticals and Personal Care Products (PPCPs) include all prescription and over-the-counter drugs, diagnostic agents, dietary supplements, fragrances, soaps, conditioners, sunscreens, cosmetics, caffeine, and nicotine. PPCPs also include antibiotics used prophylactically to prevent disease in livestock production (feedlot) operations. This diverse category of ESOC includes many water-soluble compounds. The most common mechanism for their entry into the environment is through wastewater discharges (municipal and septic drainage), land application of sewage sludge and manure, and landfill leachate. Depending on the type of treatment employed and the specific chemicals involved, wastewater or drinking water facilities may or may not be effective at removing these compounds from the effluent or drinking water. PPCPs compounds include:  Analgetics (Acetaminophen/Paracetamol, Diclofenac, Ibuprofen, Ketoprofen, Naproxen)  Antibiotics/Antimicrobials (Ciprofloxacin, Erythromycin, Sulfamethoxazole, Trimethoprim, Triclosan)  Antihyperlipidemics (Benzafibrate, Clofibric acid, Gemfibrozil)  Fragrances (Galaxolide, Tonalide)  Other compounds (Bisphenol A, Caffeine, Carbamazepine) Endocrine-Modulating Chemicals (EMCs) include natural and synthetic hormones, surfactants, pesticides, tributyltin, polychlorinated biphenyls (PCBs), and dioxins/furans. Estrogens are excreted by humans and are readily degradable under aerobic conditions, but they degrade slowly under anaerobic conditions. Nanomaterials are natural and man-made structures, ranging in size from 1 nanometer (nm) to 100 nm, that are widely used in nanotherapeutic pharmaceuticals, drug delivery, cosmetics, personal care products, energy storage products, fabrics, lubricants, and even recreational equipment such as golf and tennis balls. Their use is already so ubiquitous that one would find it very difficult to avoid exposure to at least some form of nanomaterials. Due to their extremely small size, nanomaterials can pass through biological membranes and the blood/brain barrier. Moldovan was [2] among the first researchers who published the screening and target analyzes of pharmaceutical and personal care products (PPCPs) in the Somes River (Transylvania), which is one of the main rivers in Romania and belongs to the Danubian basin, therefore the Somes River is tributary of Tisa River and Tisa River is tributary of Danube river. Moldovan identified and quantified in his research 15 target compounds using GC/MS methods after extraction of analytes by SPE. Caffeine was detected in the range of 430 to 9700 ng/l. Galaxolide and Tonalide were detected around of 300 ng/l and 100 ng/l, respectively. Due to environmental stability Galaxolide and Tonalide were selected as suitable tracers for musk fragrance. The detected concentrations of pentoxifylline are 300 ng/l and 126 ng/l. The probable main source is the University Hospital of Cluj-Napoca, and untreated wastewater. The acetylaminophenazone (AAP) and formylaminophenazone (FAP) were detected in relative high quantity in every place. The AAP and FAP are metabolites of Metamizol (Noraminophenazone), a common analgesic and antipyretic drug. The Ibuprofen (NSAID) was detected in almost every sample of the effluent from Europe, which is probably a result of their high prescription extent and wide usage. In the UK effluents it was detected up to 1000 ng/l and in surface water from USA median values of 200 ng/l were reported. Carbamazepine is widely used as antiepileptic and is antidepressant drug and is known as a persistent substance. It has extremely low removal rate (fewer than 7 %) in WWTP and is an excellent tracer substance for pharmaceutical agents in the environment. Carbamazepine was detected in quantities of 65, 72 and 75 of ng/l. Diazepam is a psychiatric drug used as tranquillizer. In the WWTP effluent was found in the maximum quantity of 40 ng/l but in rivers was not detected above 30 ng/l. Codeine is an analgesic often detected in surface water. It was detected in quantity of 54 ng/l, 40 ng/l and 27 ng/l. Cyclophosphamide is an antineoplastic drug frequently applied in cancer chemotherapy having a mutagenic action. It was found in 65 ng/l. Triclosan is an antimicrobial agent found in many hand soaps (0.1 to 0.3%). In the Somes River triclosan was found in concentration of 38 ng/l. Acetylsalicylic acid (Aspirin) is an analgesic and anti-inflammatory drug very frequently used in medical practice. It was sold in 2000 in quantities exceeding 1000 tons/ year in EU countries. In the Serbian language where the correct translation of EMS was requested, on the proposal of professor Milorad Miloradov and the members of our research group in accordance with the Serbian translation of priority and hazardous priority substances ("prioritetne i hazardno prioritetne supstance"), emerging substances were translated as "emergentne supstance". The first detailed description of HEMS as industrial emerging substances was published in Chemical Industry, Miloradov et al. [4] .
Our results, current and past research
The unique physicochemical characteristics of HEMS
The dominant physicochemical characteristics very specific and unique for HEMS are: stable structure, low/non degradability, lipophilicity and hydrophilicity with log Kow in the range of -4.76 to 10.6, bioconcentration/bioaccumulation, biomagnification and protein interaction, toxicity, eco/toxicity, and acute but rather chronic effect ( ). EmS are also relatively stable towards most chemical reactions in the aqueous environment. Physicochemical properties of EmS (solubility, ad/absorbability, biodegradability, beside others) vary greatly depending on their different molecular structures, number of asymmetric C-atoms, stereochemistry, size and shape, hydrophobicity, charge, degree of ionization and other. For the most EmS, there is currently insufficient amount of the information about their potential toxicological consequences on ecosystem, particularly from longterm and low-level environmental exposure. The fate and the transport of EmS in natural aquatic media are mostly unknown, especially in context of water/soil/sediment distribution and partitioning processes. These processes are in the intensive phase of research. Within the sampling campaigns of Danube river water and wastewater discharged directly into Danube, organochlorine pesticides were detected in the highest concentrations, especially in the wastewater, indicating pollution from agricultural activities, households and farms in the vicinity of the sampling point RO' (Table  4) . These pesticides were determined in concentrations more than ten times higher than annual average values in European Union countries. Although DDT was banned in Serbia since 1972, determination of DDT in high concentrations could be the reason of concern. In the recent time, high concentrations of DDT in environmental samples were also mentioned in other literature, although in EU countries DDT concentrations showed decreasing trend. This could be the evidence of uncontrolled usage of DDT in European countries. p,p`-DDD (Rhothane), metabolite of DDT, the most lipophilic with the lowest value of K OW of 4.73 within the metabolites of DDT, was detected in almost all samples with extremely high values at sampling sites RO' and GC1'', which confirms historical contamination, but also recent contamination inputted upstream of the city of Novi Sad. According to the concentration ratio of p,p′-DDD and p,p′-DDT at sampling points with the highest concentrations, RO' and GC1'', the values of 1.24 and 1.29 indicated historical contamination with these chemicals. Comparing results for DDT and metabolites in surface water of Danube, we could conclude that they were in correspondence with the results of the quality of surface water of Serbian Environmental Agency in 2011. p,p′-DDD is so similar to p,p′-DDT and is a metabolite of p,p′-DDT. p,p′-DDD is the solid substance and has been used as pesticide for agricultural use. Also, technical mixture of DDT which has been used in agricultural purposes, contains up to 30% of p,p′-DDD. The selected results presented in Table 5 . The highest formaldehyde concentration value of 19.80 ppm in all three campaigns has been detected in the preparation room during the process of extraction of anatomical specimens from formalin as part of getting ready for the classes [10] .
CONCLUSION
Hazardous emerging substances were recognized as old chemicals but new contaminants for the first time in wastewater and surface water, but later in air and soil. In this study review, the general state of art of HEMS based on selected literature references as well as of our original results were underlined with the dominant and unique physicochemical characteristics of HEMS, exclusively pseudopersistency of HEMS, non-monotonic dose response, chemical cocktails, irreversible binding to proteins, following by constants of partitioning and distribution and different forms of HEMS species in the aquatic environment (molecules, ions, cations and anions, and zwitter ions). The concentration levels of HEMS were resulted from our international and national projects and scientific research papers. In this study, in outdoor and indoor environment, concentration levels of HEMS in waste water, surface water, indoor air and human milk were emphasised. A brief review of risk assessment and risk quotient of some selected HEMS is described and calculated. 
